Plants are anchored to the ground by their roots, which also serve as the primary site for nutrient and water uptake. Roots are in direct contact with the soil and therefore are faced with the additional challenge of regulating what enters the plant. In vertebrate epithelial cells, tight junctions seal the gap between neighboring cells by forming transmembrane protein complexes. These junctions block harmful molecules and pathogens from passing through the extracellular matrix while selectively permitting the passage of nutrients and water. Plant cell membranes are separated from each other by a cell wall that prohibits direct cell membrane junctions and allows for diffusion of solutes between cells. In roots, a cell layer named the endodermis, or ''inner skin,'' produces a hydrophobic cell wall modification that was first described by Robert Caspary in 1865. Now called the Casparian strip, this lignin barrier acts like a tight junction to protect the inner vasculature and regulate water and ion movement from the soil into the vascular system. Although the developmental processes that lead to endodermis formation have been studied extensively (reviewed in Alassimone et al., 2012; Cederholm et al., 2012) , little was known about how the Casparian strip formed or the molecular components necessary for its creation. In this issue, Lee et al. demonstrate that localization of both an oxidase and a peroxidase are required to ensure proper Casparian strip deposition. This scaffolding mechanism for extracellular polymerization may be used by other organisms to restrict the activity of reactive oxygen species (Lee et al., 2013) .
This group recently identified a family of proteins that localize to the region where the Casparian strip forms (Roppolo et al., 2011) . These proteins, collectively referred to as Casparian strip membrane domain proteins (CASPs), are required for proper Casparian strip deposition (Figure 1 ). Anatomical studies have decisively demonstrated the barrier function of the Casparian strip (Howard and Bonnett, 1968; Nagahashi et al., 1974; Peirson and Dumbroff, 1969; Van Fleet, 1961) , and hence it was exciting to find proteins that specifically localize to this region. Nonetheless, many questions remained. How were these proteins involved in forming a barrier between cells? And what other factors were needed for lignin polymerization?
To address these questions, the authors perform a classical genetic screen, which identified an NADPH oxidase called respiratory burst oxidase homolog F (RBOHF) as being required for proper barrier formation. In rbohf mutants, there is a delay in Casparian strip formation. In order to form the lignin that makes up the Casparian strip, monolignols must be oxidized by peroxidases, a process that requires hydrogen peroxide (H 2 0 2 ). The authors speculated that RBOHF could be involved in the H 2 0 2 production needed for barrier deposition. To test this hypothesis, they used a clever assay to inhibit Casparian strip formation by preventing monolignol biosynthesis and later adding monolignols, resulting in Casparian strip formation (Naseer et al., 2012) . They then repeated the assay but this time inhibited NADPH oxidases (including RBOHF) while adding the monolignols. By inhibiting RBOHF function, Casparian strip formation was blocked. This experiment strongly suggested that RBOHF was involved in lignin polymerization, but more experiments were needed to determine exactly how RBOHF was involved.
It appeared that H 2 0 2 was necessary to form the Casparian strip, but because H 2 0 2 diffuses rapidly, the authors wanted to see whether H 2 0 2 was present in the correct location. To do this, they used cerium chloride, a compound that precipitates in the presence of H 2 0 2 . They found that precipitates were indeed localized to the Casparian strip. Consistent with the requirement of RBOHF to mediate H 2 0 2 production, cerium chloride precipitates were absent when NADPH oxidase inhibitors were applied. Additionally, when other reagents that disrupt H 2 0 2 production were applied to plants, Casparian strip formation was blocked. All of these experiments strongly support the role of RBOHF in localized H 2 0 2 production leading to Casparian strip formation.
Although Lee et al. had shown that H 2 0 2 was localized to the barrier, they did not know where RBOHF was located in the cell. To determine its subcellular localization, fluorescent reporter fusion constructs were generated with several other RBOH proteins and expressed in plants. Only RBOHF was able to localize to the Casparian strip. They also made chimeric proteins of RBOHF and another RBOH protein by swapping the catalytic and regulatory domains. Neither chimeric protein was able to localize to the Casparian strip domain or rescue the mutant rbohf phenotype. Taken together, these data demonstrate that the entire RBOHF protein is required for proper Casparian strip deposition. The authors then speculated that RBOHF must interact with other Casparian-strip-associated proteins, such as the CASPs, in order to localize so closely to the barrier.
The authors propose that CASP proteins function as scaffolds for RBOHF, which enables H 2 0 2 production. H 2 0 2 is then used by peroxidases to oxidize monolignols, resulting in lignin polymerization. If this model is correct, then peroxidases should be expressed in the endodermis. Indeed, cell-type-specific microarray data show that several peroxidases are highly expressed in the endodermis (Brady et al., 2007) . One peroxidase, PER64, was preferentially expressed in this tissue. When PER64 expression was knocked down, Casparian strip formation was delayed. Finally, fluorescent reporter fusions of PER64 revealed colocalization with the CASP proteins. In plants that lack some of the CASP proteins, PER64 localization is broad and discontinuous. And, when the CASP proteins were misexpressed in other plant tissues, PER64 ectopically colocalized with the CASP proteins. Taken together, these results indicate that CASP proteins are necessary and sufficient for PER64 localization.
Like putting grout between tiles in the shower, lignin polymerization is difficult to reverse, so polymerization and deposition must be tightly controlled. It would be ineffective (and messy) to lay grout all over the face of the tile where sealing is not needed, so careful grouting is imperative. In plant roots, CASP proteins keep lignin polymerization in check. Although it is still not known what regulates CASP protein localization, this paper elegantly demonstrates that CASPs function as scaffolds for two key proteins involved in the enzymatic reaction to polymerize lignin. By spatially restricting the oxidase that helps to make H 2 0 2 and the peroxidase that uses H 2 0 2 , the Casparian strip is precisely deposited, sealing cells in the appropriate place (Figure 1 ). Although the resulting diffusion barriers found in tight junctions and the Casparian strip are functionally similar, cellular polarization in the endodermis is achieved through a radically different mechanism. 
